Volume 8 Number 2
2014

Q u a r ' E r I doi: 10.7289/V5N29TWP
Newsletter — Summer 2014 Issue y Manik Bali, Editor

CMA « CNES -« EUMETSAT +« IMD +« ISRO + JAXA + JMA + KMA +« NASA =« NIST « NOAA -+ ROSHYDROMET -+ USGS -+« WMO

Global Spuace-based
Inter-Calibration System

This Issue:

Special Issue
on Ultraviolet

In This Issue

Articles

Higher Energy Photons Arrive at GSICS
by Larry Flynn, NOAA

In-flight Characterization of the Solar Diffuser of
GOME-2 on Metop-A
by Ruediger Lang, EUMETSAT

Use of Solar Reference Spectra for Satellite
Instruments
by Matthew DeLand, SSAI

The Absorbing Aerosol Index
by Omar Torres, NASA

Ozone Measurements from FY-3A
by Weihe Wang, CMA

Measurement of Atmospheric Composition
using UV-visible Spectrometers from
Geostationary Orbits

by Jhoon Kim, Department of Atmospheric
Sciences, Yonsei University, Seoul, Korea

The MAESTRO Spectrophotometer on the
Atmospheric Chemistry Experiment
by C.T. McElroy, York University, Canada

News in This Quarter

The NASA Orbiting Carbon Observatory-2 is
on its Way!
by David Crisp, NASA

GRUAN-GSICS-GNS SRO WIGOS Workshop on
Upper-Air Observing System Integration and
Application

by Tim Hewison, Xavier Calbet, and Axel von
Engeln, EUMETSAT

Summary of GSICS Executive Panel Meeting
by Jerome Lafeuille, WMO

A Note from the Executive Panel Chair
by Peng Zhang, CMA

Announcements

GSICS Users Workshop to be Held
19-21 Nov, 2014 in Shanghai
by Manik Bali, NOAA

GSICS Lunar Calibration Workshop to be Held
in Darmstadt, Germany

by Sebastien Wagner, EUMETSAT, T. Stone,
USGS, S. Lachérade, CNES, B. Fougnie, CNES,
and X. Xiong, NASA

GSICS-Related Publications

100 166 233

and EUMETSAT (GOME-2)

Total Column Ozone (DU)
Global total column ozone distribution of March 21, 2009 observed by CMA (FY-3A), NASA (OMI)

EUMETSAT

366 433 500

Higher Energy Photons Arrive

at GSICS

by Larry Flynn, NOAA

This issue of GSICS Quarterly features a new area of the
spectrum for GSICS work, the ultraviolet. Unlike some oth-
er spectral regions, the primary products for the backscatter
ultraviolet (BUV) measurements are the ratios of earth ra-
diances to solar irradiances. These ratios provide informa-
tion on atmospheric absorption and scattering, and on cloud
and surface reflectivity for product retrieval algorithms.

The use of ratios has inherent cancel-
lation of some instrument throughput
changes, although the resources and phi-
losophies to track the varying instrument
components differ among the instru-
ments. For example, the Ozone Mapping
Profiler Suite (OMPS) instruments use
pairs of working and reference diffus-
ers to monitor the diffuser changes and
identify the changes in the rest of the
optical and sensor characteristics over
time with a parameter called Calibration
Factor Earth, CFE(t). A simplistic
representation of the adjusted ratios
(related to top-of-atmosphere reflec-
tance) has the form

[Earth radiance(t) * 1/CFE(t)] / [Dayl
Solar_irradiance * AD(t)]

where AD(t) adjusts for the changes

in the Earth/Sun distance, while the
GOME-2 series of instruments use
onboard sources to monitor the solar
diffuser changes over time, SDC(t),
independent of the rest of the optical and
sensor changes, and make daily solar
measurements. The simplistic represen-
tation of the adjusted ratios has the form

Earth radiance(t) / [Solar_irradiance(t)
*1/SDC(t)]
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Product retrieval algorithms for BUV
measurements are further designed to
be insensitive to other calibration
uncertainties or to identify them inter-
nally. See, for example, Herman et al.
(1991) and Platt et al. (1979), and later
works citing them.

The Ultraviolet Subgroup of the
GSICS Research Working Group has
been coming together over the last year.
Rose Munro has agreed to chair the
subgroup. The subgroup has four initial
projects, three of which are represented
in papers in this quarterly. The fourth is
discussed briefly in this overview article.
All of the projects are initially working
with BUV measurements from instru-
ments on polar-orbiting platforms.

GSICS members are asked to desig-
nate participants for the UV subgroup
and identify contacts for each of the four
projects. Information can be sent to the
chair, Rosemary.Munro@eumetsat.int.
The four initial projects and the three
related papers are as follows:

1. Best practices for BUV on-
ground and in-flight calibration and
characterization. This project seeks to
build on the lessons learned from past
instruments to identify the key areas
of calibration that will most benefit the
mission goals. It is also recognized that
sharing calibration assets across mis-
sions is efficient and beneficial. Exam-
ples of the roles of in-orbit and pre-flight
calibration for the GOME-2 instruments
are provided in the article by Ruediger
Lang, “In-flight Characterization of
the Solar Diffuser of GOME-2 on
Metop-A.”

2. Solar UV measurement proj-
ect. This project’s goal is to create
quantitative comparisons among the
solar spectra measured by the differ-
ent instruments. Some of the issues in
this work are identified in the article by
Matthew DeLand, “Use of Solar Refer-
ence Spectra for Satellite Instruments,”
discussing limits and considerations for
solar spectra.

3. Calibration of reflectivity and
aerosol channels. This project’s goals
are to develop vicarious calibration
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methods and provide comparisons for
monitoring the BUV measurements for
channels with little trace gas absorption,
primarily from 340 nm to 405 nm. The
article by Omar Torres, “The Absorb-
ing Aerosol Index,” is a primer on the
UV Absorbing Aerosol Index products.
Notice that the statement within it—“For
a well calibrated sensor the AAI is close
to zero in the absence of aerosols and
clouds”—can be inverted to give a check
on inter-channel calibration for regions
with known clear sky and low aerosol
loading. Approaches for checking re-
flectivity channel calibration will follow
the work in Jaross and Krueger (1993),
where they looked at using ice radiances
to characterize time-dependent changes
in reflectivity channel performance.
Additional target regions have been
identified and used by BUV practitioners
since then.

4. Calibration comparisons for 240
nm to 300 nm. The fourth project seeks
to develop comparisons of radiance/
irradiance ratios from 240 nm to 300
nm. The basic idea is to use a model
atmosphere (from climatology, assimila-
tion, or other sources) with a radiative
transfer (RT) forward model to predict
the radiance/irradiance ratios for two in-
struments viewing the same region. The
results of the RT model results are used
as a transfer to compare the measure-
ments.

This method is currently applied to the
NOAA POES SBUV/2 instrument by
creating measurement residuals by using
the Version 8 SBUV/2 profile retrieval
algorithm (see Figure 1, V8Pro) first
guess and forward model to generate the
RT results.

The Version 8 algorithm a priori ozone
profiles and forward model have been
used to allow direct comparison of the
radiance/irradiance ratios for the two in-
struments. NOAA-16 was an afternoon
satellite and NOAA-17 was a morning
satellite during this period. By the end
of the record, the NOAA-16 satellite
was in a late-afternoon orbit. Similar
comparisons have been used to create a
homogenous record from the SBUV/2

instruments series (DeLand et al., 2012).
Related methods have been used to track
the calibration of individual instruments.
See, for examples, Bhartia et al. (1995)
and van der A et al. (2002). The first
article also addresses the interaction of
solar zenith angles and the wavelength
dependence of 0zone cross-sections.

In addition to these, we have articles
on the following:

1. The TOU instruments on CMA
FY-3 series of satellites. The article by
Weihe Wang, “Ozone Measurements
from FY-3A,” presents a successful
application of a method for vicarious
cross-sensor calibration demonstrated
for the TOU on FY-3A by using EOS
Aura OMI ozone estimates to specify the
atmosphere for a RT forward model.

2. The GEMS, TEMPO and Sen-
tinel-4 missions. The article by Jhoon
Kim, “Measurement of Atmospheric
Composition using UV-visible Spec-
trometers from Geostationary Orbits,”
describes these planned missions/instru-
ments which will add geostationary
assets to the BUV satellite complement.
We look forward to the use of LEO/GEO
comparison techniques as measurements
from these new instruments become
available.

Even before they become available
there will be a new BUV/Visible instru-
ment, EPIC (Information on EPIC is
available at directory.eoportal.org/web/
eoportal/satellite-missions/d/dscovr),
operating from L1 and opening new ar-
eas for LEO/L1 and GEO/L1 underflight
comparisons. Looking back in time,
the BUV experience on underflights
already includes SS/LEO (Space Shuttle
underflights of LEO) comparisons. (A
bibliography of papers on SSBUV un-
derflights of the SBUV(/2) instruments
can be found at disc.sci.gsfc.nasa.gov/
ozone/documentation/publications/sen-
sor/ssbuv_pubs.shtml).

3. The MAESTRO Spectrophotom-
eter on the CSA SCISAT satellite. The
article by C.T. McElroy, “The MAE-
STRO Spectrophotometer on the Atmo-
spheric Chemistry Experiment,” gives
an introduction to the instrument designs
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Figure 1. These three plots show the initial measurement residuals (daily zonal means for 20S to 20N) for three profile wavelengths (Top 288
nm, Middle 292 nm, and Bottom 298 nm) for the V8Pro product for the equatorial daily zonal means (20N to 20S). The two sets of data are for
the NOAA-16 SBUV/2 and the NOAA-17 SBUV/2. The residual units are N-values (~2.3%).

and products of ACE. The MAESTRO
instrument has been providing a high-
quality set of atmospheric composition
variables from solar occultation mea-
surements for the last ten years.
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Inflight Characterization of the Solar Diffuser of
GOME-2 on Metop-A

by Ruediger Lang, EUMETSAT

Instruments in space measuring the
solar irradiance—either for monitoring
the solar activity directly or for use as

a reference in order to derive the Earth
albedo—must introduce measures to re-
duce absolute radiance levels of incom-
ing light. This is a key design element in
order to avoid a saturation of detectors
and to mitigate the effect of potentially
damaging contamination-inducing radia-
tion on other optical elements along the
light path (Slijkhuis et al. 2004).

The optical design of GOME-2 is
such that both radiance and irradiance
measurements share a common optical
path up to the detector, with the diffuser
being the only additional optical ele-
ment not shared between them. Details
of the design and the measurements of
GOME-2 are provided in EUM/OPS/
DOC/10/1299 and EUM/OPS-EPS/
REP/09/0619, Version 1F.

Mischaracterization of the diffuser
bidirectional scattering distribution
function (BSDF) on-ground and changes
in the diffuser characteristics between
on-ground and in-flight, as well as in-
flight diffuser degradation, will lead to a
reduced quality of the measured reflec-
tance. Mischaracterization of the BSDF
in elevation direction (the Sun passing
through the slit at a fixed azimuth angle
during one solar measurement sequence,
usually on the order of a couple of min-
utes) can lead to a bias introduced on the
averaged solar mean reference (SMR)
spectrum at any given wavelength.
Mischaracterization of the BSDF in
azimuthal direction and spectral domain
leads to seasonal biases and interfer-
ences with spectral absorption patterns,
respectively. The latter introduces biases
in trace gas column and profile retriev-
als (Slijkhuis et al. 2004 and reference
therein).

Here we present the analysis of in-
flight derived BSDF from daily GOME-
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2/Metop-A measurements, in orbit since
October 2006. For this instrument we
analyzed all solar azimuth angles for a
reference period of 1 year (August 2011
through July 2012). In this late period
of the mission, the instrument degrada-
tion at all wavelengths, which has to be
accounted for in the analysis, is sig-
nificantly more stable, while during the
early years not only was the degradation
rate much stronger but also mission out-
ages were much more frequent (EUM/
OPS/DOC/10/1299).

Figure 1 shows the fully calibrated
level-1b irradiance signal at 330 nm
normalized to 1 August 2011, which
makes use of the BSDF as measured
on-ground. The wiggles around February
and June 2012 indicate some non-perfect
azimuthal characterization of the BSDF.

Looking over the whole mission period,
they are found to reappear on a seasonal
basis.

In this figure, the signal without the
radiometric and BSDF response, but
including all other calibration steps,
is shown as the blue line. This signal
shows that the azimuthal variations
(wiggles) are a real feature of the dif-
fuser but are not perfectly taken out
with the on-ground BSDF calibration
parameters.

The green line shows the level-1A sig-
nal without the radiometric and BSDF
response and corrected for the degrada-
tion at 330 nm during this 1-year period
(red line) based on the latest version
of the GOME-2/Metop-A degradation
model version 0.9. The degradation-
corrected signal (corresponding to the

Normalized Signals w.r.t. 20100801113835 at Ch 2 at 330 nm
1.01 T : :

Normalised Signals [-]

0.95H ——  Normalized Signal 1A corrected =
—— Normalized Signal 1B
— Degradation correction
Detrended Signal 1A corrected
0.94 T I T | 1 1 1
07131 09/19 11/08 12128 02/16 04/07 05/27 07116

09/04

Date [mm/dd]

Figure 1. Fully calibrated GOME-2/Metop-A level 1B normalized irradiance signal (black line) at 330 nm during the
period of August 2011 to July 2012. For details see body of the text.
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green line as shown for 330 nm) at each
of the 4096 wavelengths between 240
and 800 nm for the main channels and
for the 256 wavelength measurements
of the two polarization measurements
devices (PMDs) will now be used in the
further analysis.

To evaluate the final in-flight derived
BSDF, measurements over all elevation
angles (+/-1.5° around the center of the
slit) and from all solar azimuth positions
acquired over the year (between 317°
and 333°) are sorted and then normal-
ized with respect to the geometric center
at elevation angle 0° and azimuth angle
325°. In order to arrive at the final irradi-
ance, 1.€., the Mueller matrix element
(MME, ) to carry out the radiometric
calibration of the irradiance signal,
the BSDF is finally multiplied by the
on-ground characterized irradiometric
response function of each channel.

Figure 2 shows in-flight derived and
on-ground characterized MMEs of the
irradiance radiometric calibration at 330
nm, showing different dependencies in
both elevation and azimuth direction.
The on-ground data have much lower
resolution in both elevation angle (0.75°
for on-ground and 0.1° for in-flight data)
and azimuth dimension (2.0° for on-
ground and 0.5° for in-flight data). The
low resolution in elevation angle cannot
capture the observed sinusoidal depen-
dence, which is introduced by shadow-
ing effects of a mesh which is located in
front of the diffuser in order to reduce
the potential amount of spectral interfer-
ences. Different azimuthal behaviour is
also observed, especially for highest and
lowest azimuth angles. These differ-
ences are responsible for the reoccur-
ring wiggles seen over the year at many
wavelengths in the solar irradiance data
time series.

Finally, Figure 3 shows the difference
between a SMR derived for 16 Decem-
ber 2007 by applying the on-ground
MME and an SMR using the in-flight
derived MME at all main channel wave-
length. The residual between both SMRs
shows small-scale spectral structures
and some etalon-like variations at longer
periods. The latter are very likely intro-
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Figure 2. Comparison of pre-flight (top) and in-flight (bottom) Mueller matrix elements (MMEs) at 330 nm for the
radiometric calibration of the irradiance signals.
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Figure 3. Solar Mean reference spectrum (top panel) and residual (lower panel) acquired using the on-ground and the
in-flight derived BSDF diffuser characterization. In the top panel, the in-flight results are below the operational version red
line results.
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duced during the on-ground character-
ization, since under ambient conditions
it is very difficult to perfectly thermally
stabilize and remove (through normal-
ization) the etalon introduced by water
layers at the detector level.
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Use of Solar Reference Spectra for Satellite

Instruments

by Matthew DeLand, SSAI

The extraterrestrial solar irradiance (i.e.,
measured outside Earth’s atmosphere)
has numerous benefits as a calibra-

tion source for remote sensing satellite

instruments. For example:

* It is available for an extended period
of time during every orbit.

* Its intensity is high across a wide
spectral range.

* It is, for much of the spectrum,
extremely stable compared to any
onboard calibration source. And, in
regions where it is not stable, the
variations are often highly correlated.

* Many spectral features are available
for use in wavelength calibration.

Each of these benefits also brings
some challenge in terms of instrument
design and data analysis:

» The constant presence of solar illumi-
nation requires instrument designers
to limit exposure of optical surfaces to
minimize degradation, particularly at
UV wavelengths.

* Solar irradiance can be stronger than
terrestrial radiance at a given wave-
length by factors ranging from 10 to
10*, which must be considered when
designing the optical system and
instrument electronics.

* Solar irradiance does have natural
variability at UV wavelengths (par-
ticularly below 300 nm), with time
scales ranging from minutes to years.

» The solar spectrum incorporates
millions of emission and absorption
features, so that the exact irradiance
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spectrum produced by any instrument
will depend on its characteristics
and design.

In order to use the Sun as a calibra-
tion source, it is necessary to first have
a reference spectrum to understand
what the instrument is expected to see.
This article will briefly describe some
published reference solar spectra, and is-
sues that users should be aware of when
selecting a dataset for their own use.

Overview

It is important for users to realize that
no single instrument measures solar irra-
diance at high resolution simultaneously
over all spectral regions of interest (X-
ray, UV, visible, IR). Thus, any reference
solar spectrum is typically a composite
of measurements from multiple instru-
ments, taken at different times, and
often with varying spectral resolution.
In addition, the final reference spectrum
may incorporate radiometric adjust-
ments based on comparisons with lower
resolution measurements. Differences
in spectral resolution and sampling are
particularly important in the UV, where
many deep Fraunhofer lines occur. The
next section presents basic informa-
tion about some reference solar spectra
published during the last decade. Table 1
summarizes specific parameters for each
spectrum.

Reference Solar Spectra

ATLAS. The solar reference spec-

tra created by Thuillier et al. (2004)

take advantage of the ATLAS missions
conducted in the early 1990s, when
three solar irradiance instruments (along
with other remote sensing instruments)
were flown together on the NASA Space
Shuttle. The UARS satellite (carrying
two additional solar instruments) was
also operating during this period, so

that up to five datasets were available
for some spectral regions. Thuillier et
al. selected reference dates during the
ATLAS-1 and ATLAS-3 missions (29
March 1992 and 11 November 1994,
respectively) to construct spectra cor-
responding to moderately high and
moderately low levels of solar activity.
Each spectrum covers the spectral range
0.5-2,400 nm, using rocket data for the
EUYV region below 120 nm. They cre-
ated average irradiance values for UV
spectral regions where multiple data sets
were present. They also used the high
resolution model spectrum of Kurucz
(1995) to insert spectral features into
lower-resolution measurements in the
visible and IR regions.

KNMI. Dobber et al. (2008) created a
high resolution solar reference spectrum
covering 250-550 nm to support on-
orbit calibration of the OMI instrument
on the EOS Aura satellite. Very high
resolution data from AFGL balloon mea-
surements (Hall and Anderson, 1991)
and KPNO ground-based measurements
(Kurucz et al., 1984) were convolved
to a slightly lower resolution, and
then adjusted radiometrically through
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Table 1. Summary of Solar Reference Spectra

Name
WvL
Sampling Sources Resolution Time Calibration Accuracy
ATLAS 0.5-120 nm: Rocket 0.5-120 nm: 0.5-120 nm: 1991 rocket | Satellite data + 0.5-120 nm: 30-40%
120-200 nm: UARS 1.0 nm 120-2400 nm: 29 Mar | normalization of 120-2,400 nm: 2-4%
0.5-2400 hm SOLSTICE, UARS SUSIM | 120-400 nm: 0.25 | 1992 for ATLAS-1, 11 integrated TSI
200-400 nm: UARS nm (smoothed) Nov 1994 for ATLAS-3
- . SOLSTICE, UARS 400-2,400 nm:
?'250 12000"'"', 10”0"‘ SUSIM, ATLAS SUSIM, | 0.5 nm (degraded
1 —400nm: 0.05 | 5sByYV, SOLSPEC model)
400-870 nm: SOLSPEC
400-2400 nm:
KNMI 200-310 nm: AFGL 0.025 nm Multiple dates Adjusted based on < 5% for 300-550 nm
balloon (convolved) comparison with
_ 300-550 nm: KPNO low resolution data
250-550 nm (UARS SUSIM)
0.01 nm
WHI 0.1-6 nm: TIMED XPS 0.1-310 nm: 0.1 nm | Quiet: 10-16 Apr 2008 Satellite data + 0.1-116 nm: 10-15%
6-106 nm: MEGS EVE 310-2400 nm: 1-30 | Active: 25-29 Mar 2008, ncirmalitzztigg ﬁf 116-2,400 nm: 2-4%
0.1-2400 nm (rocket) nm 29 Mar — 4 Apr 2008 integrate 0
106-116 nm: TIMED SEE SORCETIM
0.01 nm 116-310 nm: SORCE
SOLSTICE
310-2400 nm: SORCE
SIM
SAO 2010 200-300 nm: AFGL 0.04 nm Multiple dates Adjusted based on < 5% for 300-1,000
300-1,000 nm: KPNO (convolved) comparison with nm
- low resolution data
200-1000 nm (ATLAS-1)
0.01 nm

comparisons with UARS SUSIM data
(Floyd et al., 2003) and balloon data
(Gurlit et al., 2005). It should be noted
that any terrestrial measurements of ab-
solute solar irradiance must also account
for absorption effects due to the Earth’s
atmosphere.

WHI. During the most recent solar
minimum between Cycles 23 and 24,
a focused program called the Whole
Heliosphere Interval (WHI) collected
approximately simultaneous solar
measurements at minimum activity
conditions from X-ray to IR wave-
lengths. Woods et al. (2009) used rocket
measurements to supplement operational
satellite measurements over a wide
spectral range (0.1-2,400 nm) and pro-
duce three reference spectra represent-
ing active and quiet conditions during
March-April 2008. The primary data
sources are EVE rocket data in the X-ray
and EUV regions, SORCE SOLSTICE
data in the FUV and MUYV, and SORCE
SIM data from the NUV to the IR. The
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only radiometric adjustment came from
comparison of the integrated reference

spectrum to SORCE TIM total solar ir-
radiance data.

SAO 2010. Chance and Kurucz
(2010) have also produced a solar refer-
ence spectrum using the AFGL balloon
data and the KPNO ground-based data,
in this case covering the spectral range
200-1000 nm. They used a revised
analysis of the KPNO data, and normal-
ized those data to the Thuillier et al.
(2004) ATLAS-1 spectrum longward of
300 nm.

Effects of Resolution and Sampling

Differences in spectral resolution,
either from the original measurements or
from later re-convolution, and in dataset
sampling should be considered when
selecting a solar reference spectrum. To
illustrate this point, Figure 1 shows ir-
radiance data between 300-320 nm from
each of the reference spectra described
here. While the KNMI and SAO 2010

spectra are both based on KPNO data
and sampled at 0.01 nm, the slightly
broader bandpass used for SAO 2010 is
evident in Figure 1(b). The WHI spec-
trum shown in Figure 1(d) is reported at
0.1 nm sampling over its entire range,
but the change in resolution between
SOLSTICE and SIM data at 310 nm

is clear.

Conclusion

Numerous solar irradiance reference
spectra, created by combining multiple
data sets, are currently available. These
spectra can differ in spectral resolution
and sampling by a factor of 10. The
quoted accuracy of each spectrum is
typically 2-4% at UV and visible wave-
lengths, but differences between spectra
can show larger variations locally.
Choosing a specific reference spectrum
for regular use should be guided by user
requirements.
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Figure 1. Sample data at 300-320 nm from different solar reference spectra. (a) = KNMI, (b) = SAO 2010, (c) =
ATLAS-1, (d) = WHI. Res = resolution, Samp = sampling.
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The Absorbing Aerosol Index

by Omar Torres, NASA

The Absorbing Aerosol Index (AAI)
was the fortunate unintended result of

a refinement to the algorithm that since
1978 has been used for the retrieval of
atmospheric total column ozone amount
using measurements of backscattered
ultraviolet (BUV) radiation by the Total
Ozone Mapping Spectrometer sensor
(Herman et al. 1997; Torres et al., 1998).
The AAI is currently available on a daily
basis from observations by the Aura
Ozone Monitoring Instrument (OMI)
and the Ozone Mapping and Profiler
Suite (OMPS) on the S-NPP satellite.

The AAL is a residual quantity result-
ing from the difference between mea-
sured and calculated radiances
(L, and L respectively) in the range
330-400 nm. The calculated radiances
are obtained using a simple model of the
earth-atmosphere system consisting of
a molecular atmosphere bounded at the
bottom by a wavelength independent
Lambert Equivalent Reflector.

In the AAI algorithm the measured
radiance at the top of the atmosphere is
assumed to result from the combined
effect of radiances originating from two
pressure levels in the atmosphere repre-
senting surface, LS, and clouds, L°.

The LS term is calculated for the pres-
sure level associated with the surface
while the L€ component is determined
using radiative transfer calculations for
an atmospheric column bounded at the
bottom by a cloud layer with a cloud top
at pressure P.

The AALI is defined as the natural loga-
rithm of the ratio of the actually radiance
L’ to the calculated value L,

cal
A

AAI = —10010g[f’l ]

Figure 1 shows an overlay of the
OMPS AAI on the MODIS RGB for
April 29, 2012 over East Asia. The pres-
ence of desert dust above clouds and
over the oceans is clearly observed.
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Properties

For a well calibrated sensor the AAI is
close to zero in the absence of aerosols
and clouds. The AAI varies between
about -2.0 and 10 (or occasionally
larger).

The AALI is generally positive for
absorbing aerosols. Non-absorbing aero-
sols yield negative Al values and their
magnitude depends mainly on optical
depth and to a lesser extent on particle
size distribution.

The AAI detects absorbing aerosols
over water and all terrestrial surfaces
including deserts and ice/snow covered
surfaces (Hsu et al, 1999) as well as
above cloud decks (Torres et al., 2012).
Since water clouds yield AAI values
close to zero, the AAI allows the detec-
tion of absorbing acrosols even when
intermingled with clouds.

The magnitude of the AAI associated
with absorbing aerosols depends on
optical depth, particle size distribution,

single scattering albedo, and height of
the aerosol layer above surface (Herman
et al., 1997; Torres et al., 1998).

Applications

In addition to the seasonal aerosol
activity associated with the annual
cycles of biomass burning and desert
dust mobilization across the oceans, the
AAI captured extraordinary synoptic
scale aerosol events of natural or anthro-
pogenic origin that took place prior to
the development of this remote sensing
technique, such as the 1987 Great China
Fire, the 1988 Yellowstone Fires, and the
1991 Gulf war oil fields fires (Torres and
Remer, 2013).

The understanding of desert dust
emission and mobilization processes has
significantly advanced with the avail-
ability of the AAI product. The global
distribution and frequency of occurrence
of desert dust and carbonaceous aerosols
was analyzed by Herman et al. (1997).

29 April

Index

Figure 1. OMPS Aerosol Index
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One of the most important contribu-
tions of the multi-year AAI record has
been the identification of active desert
dust sources (Prospero et al., 2002). The
availability of the long-term AAI record
made possible the confirmation that bio-
mass burning aerosols frequently reach
the lower stratosphere at mid and high
latitudes when injected by pyro-cumulo-
nimbus clouds formed in the aftermath
of intense boreal forest fires (Fromm et
al., 2008).
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Ozone Measurements from FY-3A

by Weihe Wang, CMA

A cross-sensor calibration technique has
been developed and applied to improve
upon the pre-launch radiance calibration
and characterization for the Total Ozone
Unit (TOU) on board the FengYun-3/A
(FY-3A) satellite.

The first measurements by TOU
showed a large difference in solar ir-
radiance compared with results from the
Solar Backscatter Ultraviolet Radiom-
eter (SBUV/2) on NOAA-16. The solar
irradiances at channel 5 and channel 6
(see Table 1 for the spectral properties
of TOU) were approximately 17 percent
and 20 percent higher than the measure-
ments made by the SBUV/2, while the
other four channels (at 308 nm, 313 nm,
318 nm and 322 nm) had good agree-
ment. Retrievals of total column ozone
from TOU using the solar irradiance
from the SBUV/2 showed a large differ-
ence when compared with Level 3 ozone
products for the Ozone Monitoring
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Table 1. Spectral Properties of TOU

Central FWHM
Channel Wavelength (nm) (nm)
1 308.727 1.164
2 312.638 1.152
3 317.652 1.171
4 322.464 1.156
5 331.375 1.159
6 360.253 1.140

Instrument (OMI) on the NASA EOS
Aura satellite, especially in the Southern
Hemisphere.

For radiance, the highest radiances
observed by channels 3 and 4 are close
to the maximum values from simula-
tions using the MODTRAN RTM. For
channels 5 and 6, the observed radi-
ances of TOU exceed the simulated
maximum values. It was also found that
these two channels become saturated for
the brightest scenes at low solar zenith

angles—that is, at the highest signal
levels. For the lower range of radi-
ance, the TOU has a better agreement
with OMI in total column ozone but

has much larger differences when the
radiances for channel 6 are greater than
6.6 uW/cm2/sr/nm. After examining
the pre-launch calibration, it was found
that the TOU response function for each
channel was only measured in the lower
range of radiances with a gain range
ratio determined by the output voltage of
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Figure 1a. Total column ozone for November 4, 2008, as retrieved from the TOU before
cross-calibration.

FY-3A/TOU Global Total Ozone(Dobson Units, 20081104)
90N

<100 125 150 175 200 225 250 275 300 325 350 375 400 425 450 475 >500none

Figure 1b. Total column ozone retrieved from the TOU after cross-calibration.
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Figure 1c. Total column ozone retrieved from OMI.
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each channel. The gain range ratio was
also measured over the same range of
radiances, and the linearity was derived
from all radiance ranges. Although the
TOU detector is highly linear in all radi-
ance ranges, it is possible that it has a
different response function for differ-
ent radiance ranges. Unfortunately, the
response function was not measured for
all ranges of radiance in the pre-launch
calibration and the limited characteriza-
tions were applied to all measurements
in the on-orbit calibration processing.

The Level 3 ozone and effective
reflectivity products from OMI are used
as input to a radiative transfer model to
predict the TOU radiances and charac-
terize the biases for the measurements
over the Pacific Ocean in low and mid
latitudes. Coefficients are derived from
a regression algorithm to adjust the
TOU radiances. It was found that after
the measurement bias corrections, the
biases between the retrieved total col-
umn ozone products from the TOU with
those from the OMI TOMS-VS8 products
and those from a set of ground-based
station measurements are reduced to 3
percent and 5 percent, respectively. The
variations in the estimated total ozone
amounts from the TOU are consistent
with those derived from Solar Backscat-
ter Ultraviolet (SBUV/2) instruments
and OMI for a period from January 2010
to February 2011. Figures la, 1b, and
1c show an example of before-and-after
maps from the TOU compared with a
map for the same day from OMI.

Rate and comment on this article
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Measurement of Atmospheric Composition using
UV-visible Spectrometers from Geostationary Orbits

by Jhoon Kim, Department of Atmospheric Sciences, Yonsei University, Seoul, Korea

Regular monitoring of the ozone layer
from space began with the Solar Back-
scattered Ultraviolet (SBUV) and the
Total Ozone Monitoring Spectrometer
(TOMS) on Nimbus-7 in late 1978.
These measurements have continued
since 2004 to date with Ozone Monitor-
ing Instrument (OMI) on EOS Aura.
With the recent development of spec-
trometers in UV-visible with sub-nm
spectral resolution and development of
retrieval algorithms, we now can gener-
ate estimates of the column amounts

of atmospheric O,, NO,, SO,, HCHO,
CHOCHO and other constituents in the
troposphere and stratosphere. To date,
all the UV-visible satellite missions

to monitor trace gas concentrations in
the atmosphere have been in low Earth
orbits (LEOs), usually allowing one
observation per day. With the advent of
new UV-visible instruments on geosta-
tionary (GEO) platforms, the diurnal
variation of these components now can
be captured.

The GEMS (Geostationary Environ-
ment Monitoring Spectrometer) is to be
launched into orbit at the end of 2018. It
will be positioned over Asia. The instru-
ment is basically a step-and-stare scan-
ning UV-visible imaging spectrometer,
with scanning Schmidt telescope and
Offner spectrometer. A UV-enhanced 2D
CCD takes images, with one axis spec-
tral and the other north-south spatial,
with east-west scanning over time. On-
orbit calibrations are planned, making
daily solar measurements and weekly
LED light source linearity checks.

For the solar calibration, there are two
transmissive diffusers, a daily working
one and a reference diffuser used twice
a year to check the degradation of the
working one. Dark current measure-
ments are planned twice a day, before
and after the daytime imaging. In order
to avoid dark current issues and random
telegraph signal (RTS), the CCD is
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cooled to temperatures well below 0° C.

Spectral stability is required to be
better than 0.02 nm over 24 hours, stray
light less than 2 percent, polarization
sensitivity less than 2 percent at the
instrument level, and the instrument sys-
tem level MTF better than 0.3. Preflight
calibration will be carried out by using
the NIST standards.

By 2020, the geostationary orbits are
expected to be filled with three UV-
visible spectrometers:

» The NASA Tropospheric Emissions:
Monitoring of Pollution (TEMPO)
(P.L.: Kelly Chance, Harvard-Smith-
sonian Center for Astrophysics) over
North America

» The ESA Sentinel-4 Ultraviolet Vis-
ible Near infrared (UVN) spectrom-
eter over Europe (Mission Scientist:
Ben Veihelmann, ESTEC)

* The KARI GEMS over Asia (P.I.:
Jhoon Kim, Yonsei University),
with the Tropospheric Monitoring

Instrument (TROPOMI, P.I.: Pepjin
Veefkind, KNMI) flying underneath
in LEO.

Recognized by the Committee on
Earth Observing Satellite (CEOS)
Atmospheric Composition Constella-
tion (ACC), the geostationary constel-
lation of UV-visible spectrometers will
enlighten us on the global distribution of
ozone, aerosol, and their precursors. To
integrate the dataset for global measure-
ments, harmonized data quality is very
important. Thus the inter-calibration
among the three different UV-visible
satellite instruments is very important,
in addition to the quality of the data
processing. Therefore, the standardiza-
tion of data products and pre-calibration/
post-calibration/validation methods are
being discussed. Participation in the
GSICS UV subgroup would surely make
a great contribution to future activities of
geostationary constellation programs.

GEMS TEMPO Sentinel-4

Spectral 290-490 / 305-500/

ranges (nm) 300-500 540-740 750-775

Spectral

resolution 0.6 (3 samples) 0.6 (3 samples) 0.5/0.12
(nm)

Spatial

Resolution 7 8@ Seoul 21x47 8x8@45° N
(NS km x EW 3.5 x 8 for aerosol
km)

Spatial 5°S—-45°N 19°N-57.5°N 30°N-65°N
coverage 75°E-145°E 73°W-130°W 30°W-150°W
Obs. time 30 min 1 hour 1 hour
Or.1boa‘rd Solar, cal light source Solar Solar, cal light source
calibration

Volume (m3) 1.1x12x%x0.9 1.0x1.1x1.0 1.1x12x%x0.9
Mass (Kg) 140 100 150
200 (on orbit) /
Power (W) 100 (transfer) 100 180
Data rate
(Mbps) 40 30 25

Source: Kelly Chance, Ben Veihelmann
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Constellation synergy
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- Sharing basic requirements on data products and
instrument to maintain data quality

- Consolidating socio-economic benefit analysis
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The MAESTRO Spectrophotometer on the
Atmospheric Chemistry Experiment

by C.T. McElroy, York University, Canada

The Atmospheric Chemistry Experiment
(ACE) on the Canadian Space Agency’s
(CSA) SCISAT satellite was launched
on an Orbital Sciences Pegasus launcher
August 12, 2003, from Vandenberg Air
Force Base. The mission was primarily
designed to take measurements of the
Arctic stratosphere to monitor ozone
chemistry and particularly the evolution
of the ozone layer in the late winter and
early spring. The satellite includes two
instruments, an infrared Fourier Trans-
form Spectrometer (FTS) built by ABB,
Inc., of Quebec City and the Measure-
ments of Aerosol Extinction in the
Stratosphere and Troposphere Retrieved
by Occultation (MAESTRO) Spectro-
photometer constructed by a group that
included members from Environment
Canada (EC), University of Toronto, and
EMS Technologies, Inc. (now COM-
DEYV, Inc.). The FTS measures 40+
chemical species while MAESTRO is
intended to provide wavelength-depen-
dent aerosol extinction measurement.
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FTS has an internal tracking mirror that
centers the FTS field-of-view on the sun
and a pick-off mirror that relays part of
the beam to MAESTRO. A beam-splitter
provides light to the UV and visible
halves of MAESTRO (see Table 1).

The Instrument

MAESTRO (McElroy et al., 2007)
is a dual, concave holographic grating
spectrometer. Each half has a 1024-cle-
ment RETICON detector. The ACE-

Table 1. Main characteristics of the ACEMAESTRO instrument spectrometers.

Characteristic UV Spectrophotometer Visible Spectrophotometer
Nominal Wavelength Range 285-550 nm 525-1,020 nm
Calibrated Wavelength Range | 400-545 nm 520-1010 nm

in Occultation (pixels 463 - 954) (pixels 21 - 1010)
~1.5nm ~2 nm

0,, 0,-0,, H,0, aerosols

Spectral Resolution

Main Absorbers O,, NO,, aerosols

Secondary Absorbers 80,, OCIO, BrO, HCHO, NO,
CHOCHO
General Characteristic
SCISAT Orbit Circular, 650 km, 74° Inclination

Vertical Resolution ~1.2 km (bestcase resolution, at 22 km tangent)

Observation Modes Solar Occultation and Nadir Backscatter

Detectors 1024pixel, Reticon photodiode array

Diffraction Gratings Concave holographic, 94 mm focal length
Signal to Noise Ratio ~1000-3000 (at High Sun)
Mass 8 kg

Power 14 W
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For an orbit which goes directly to-
ward or directly away from the Sun (beta
angle = 0°), the tangent ray from the sun
changes altitude by approximately 3 km
per second. Spectra must be collected at
~3 s to match the MAESTRO vertical
resolution of ~1 km.

To meet speed and signal-to-noise
requirements, a sophisticated detector
readout scheme uses a soft-programma-
ble, Xilinx Field-Programmable Gate
Array (FPGA). An 8-bit microprocessor
core in the FPGA and a custom-designed
state machine, coupled to the processor
as a peripheral, is used to sequence read-
ing of the RETICON. Different modes
of reading and co-adding are used to
optimize the signal-to-noise ratio of
each spectrum. The goal is to fill each
of the detector wells as full as possible
in the ~300 ms available to make a
measurement.

Data Collection and Analysis

Solar occultation data have a very
large dynamic range—of the order of
3000:1. There is also a large gradient in
intensity with wavelength, particularly
in the UV ~ 10*:1 or more. To accom-
modate, the system has different modes
including co-adding, reading the detector
in pixel groups, and reading individual
pixels between photodiode resets.

The data are analyzed in steps. Dark
count, High Sun reference, and occulta-
tion spectra are converted to counts.
Occultation and High Sun spectra are
corrected for dark count and offset. The
average of 20 High Sun spectra is used
as a reference and compared to a High
resolution extraterrestrial spectrum to
calibrate its wavelength scale. Optical
depth spectra created by ratioing the oc-
cultation data to the reference spectrum
are fitted with a spectral fitting code to
determine the column densities of ozone,
water, oxygen, NO, and O,-O,. Offset,
linear, quadratic, and cubic vectors are
included as a proxy for acrosol absorp-
tion. Shift and stretch of the wavelength
scale is also done simultaneously. Tan-
gent altitudes are determined by compar-
ing the MAESTRO and FTS ozone. The
FTS determines heights from the P-T
profile retrieved using CO, absorption.
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Using retrieved gas amounts and air
columns from the FTS atmosphere,
the optical depth spectra are fitted and
the residual attenuation summed with
the polynomial vector contributions to
produce the aerosol wavelength-depen-

dent extinction. Figure 1 shows ozone
profiles from MAESTRO and FTS on
February 23, 2004. Figure 2 shows an
aerosol profile.

MAESTRO data are in the ACE
archive at University of Waterloo during
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Figure 1: Ozone profiles retrieved by the UV and visible halves of MAESTRO in the
Chappuis band compared to an FTS profiles taken at the same time.
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the period February 2004 to the pres-
ent (http:/www.ace.uwaterloo.ca/).
Researchers wanting MAESTRO data
should contact Kaley Walker (kwalker@
atmosp.physics.utoronto.ca). Informa-
tion about processed data is available
from Jason Zou (jzou@atmosp.phys-
ics.utoronto.ca) and instrument-related
information from the author (tmcelroy@

yorku.ca).
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News in this Quarter

The NASA Orbiting Carbon Observatory-2 is on its Way!

by David Crisp, NASA

The Orbiting Carbon Observatory-2
(OCO-2) is NASA’s first dedicated CO,
monitoring satellite. It was successfully
launched from Vandenberg Air Force
Base on a Delta-11 7320 launch vehicle
at 2:56 a.m. PDT on July 2, 2014. The
launch vehicle targeted an initial orbit
about 15 km below the 705-km After-
noon Constellation (A-Train). The A-
Train currently includes six other Earth
observing satellites that fly in forma-
tion in a near-polar, Sun-synchronous
orbit that crosses the Equator near 1:30
p.m. Preliminary spacecraft checkout
activities were completed during the first
week of operations. Over the next four
weeks, OCO-2 used its onboard propul-
sion system to execute a series of orbit-
raising maneuvers to take up its position
at the head of the A-Train constellation.
Once in the A-Train, the instrument
optical bench and detectors were cooled
to their operating temperatures and a
week-long observatory checkout period
commenced. OCO-2 started routinely
collecting and returning science data in
late August.

Fossil fuel combustion, deforestation,
and other human activities are currently
adding almost 40 billion tons of carbon
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dioxide (CO,) to the atmosphere each
year. These CO, emissions are super-
imposed on active natural carbon cycle
that emits more than 20 times as much
CO, into the atmosphere each year as
human activities, and then reabsorbs a
comparable amount, along with about
half of the human contributions. Existing
ground-based measurements provide a
strong global constraint on both human
and natural CO, fluxes into the atmo-
sphere. However, much greater resolu-
tion and coverage are needed to identify
and characterize the strongest natural
sources and sinks, and to discriminate
the human CO, emissions from the natu-
ral background. Such measurements are
essential to any carbon management.
One way to improve the spatial and
temporal sampling of CO, is to re-
trieve precise, spatially resolved, global
estimates of the column-averaged CO,
dry air mole fraction (X_,,) from space.
Surface weighted X, estimates can be
retrieved from high resolution spectro-
scopic observations of reflected sunlight
in near infrared CO, and O, bands. This
is a challenging space-based remote
sensing observation because even the
largest CO, sources and sinks produce

changes in the background X ., dis-
tribution no larger than 2 percent, and
most are smaller than 0.25 percent. The
European Space Agency (ESA) EnviSat
SCIAMACHY and Japanese Green-
house Gases Observing Satellite (GOS-
AT) TANSO-FTS were the first satellite
instruments designed to exploit this
measurement approach. SCTAMACHY
collected column-averaged CO, and
methane (X,,,) measurements over the
sunlit hemisphere from 2002 to 2012.
TANSO-FTS has been collecting X,
and X_,, observations since April 2009.
These data have provided an excellent
proof of concept and are beginning to
yield new insights into the carbon cycle,
but improvements in sensitivity, resolu-
tion, and coverage are still needed.
OCO-2 is a “carbon copy” of the
Orbiting Carbon Observatory, which
was lost in 2009 when its launch vehicle
malfunctioned and failed to reach orbit.
OCO-2 carries and points a three-chan-
nel, imaging, grating spectrometer. This
instrument collects high resolution spec-
tra of reflected sunlight in the 765 nm O,
A-band and in the 1,610 and 2,060 nm
CO, bands with unprecedented sensitiv-
ity. Each channel collects 24 spectra per
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second, yielding about a million samples
each day over the sunlit hemisphere.
Coincident measurements from the three
channels are combined and analysed
with a “full-physics” retrieval algorithm
to yield estimates of X_.,. Clouds and
optically thick aerosols preclude obser-
vations of the full atmospheric column
in many regions, but this approach is ex-
pected to yield over 100,000 full-column
X0, €stimates each day.

The OCO-2 Measurement Strategy

For routine science operations, the
instrument’s bore sight is pointed to the
local nadir or at the glint spot, where
sunlight is specularly reflected from
the Earth’s surface. Nadir observations
provide the best spatial resolution and
are expected to yield more cloud-free
X0, soundings. Glint observations will
have much better signal-to-noise ratios
(SNR) over dark ocean surfaces. The
nominal plan is to alternate between
glint and nadir observations on consecu-
tive 16-day ground-track repeat cycles,
so that the entire sunlit hemisphere
is sampled in both modes at 32-day
intervals. OCO-2 can also target selected
surface calibration and validation sites
and collect thousands of observations as
the spacecraft flies overhead. The instru-
ment’s rapid sampling, small (< 3 km?)
sounding footprint, and high sensitivity,
combined with the spacecraft’s ability to
point the instrument’s bore sight toward
the glint spot over the entire sunlit
hemisphere, are expected to provide
improved coverage of the ocean, par-
tially cloudy regions, and high latitude
continents than earlier missions.

The OCO-2 team expects to start de-
livering calibrated, geo-located spectral
radiances to the NASA Goddard Earth
Sciences Data and Information Services
Center (GES DISC) by late December
of this year. The first X, products will
begin within 90 days of that.

GRUAN-GSICS-GNSSRO
WIGOS Workshop on
Upper-Air Observing
System Integration and
Application

by Tim Hewison, Xavier Calbet, and
Axel von Engeln, EUMETSAT

On 6-8 May 2014 a workshop was
convened at WMO in Geneva to in-
vestigate ways in which ground-based
observations, satellite sounders, and
radio occultation could contribute to
the WMO Integrated Global Observ-
ing System (WIGOS). Representatives
of these communities, together with
Numerical Weather Prediction (NWP)
and GSICS, spent three intensive days
discussing ideas to enhance their future
interactions. After hearing the attendees’
position statements, the workshop went
on to debate four main themes:

1. Applications and Required Dataset
Generation—facilitated by Greg
Bodeker

2. Measurement Uncertainty Estima-
tion and Terminology—facilitated
by Holger Vomel

3. Observing System Coordination and
Collocation—facilitated by Xavier
Calbet

4. Participation and Outreach—facili-
tated by Stephan Bojinski

At the workshop it was recognized
that it would be extremely beneficial
to compare atmospheric profiles from
different observing systems (GRUAN
radiosondes and satellite sounder and
radio occultation profiles). This com-
parison would highlight any potential
inconsistencies among the datasets
which could arise from any remaining
systematic uncertainties present in the
data. It would also provide an inter-
calibration bridge between different
observing systems. In order for these
inter-comparisons to be effective, it is
essential to gain a full understanding of
the uncertainties associated with each
system. This knowledge is also neces-
sary to allow the observing systems to
be combined in an optimal way within

the NWP data assimilation system. The
uncertainties in comparisons between
different observations are often domi-
nated by variability in the atmosphere
(clouds, humidity, etc.) or the surface
(reflectivity, temperature, etc.)—both in
space and time.

A joint white paper has recently been
produced describing the current situation
in defining potential collocation criteria
for GRUAN and satellite measurements.
To follow this up, it was agreed to per-
form a comparison of different methods
to estimate the uncertainties in the col-
location of different observing systems
for a common time period, based on
observations of various satellite instru-
ments collocated with GRUAN upper air
stations.

Of the many other topics discussed,
another one of interest to GSICS was
the idea of comparing profiles retrieved
from radio occultation systems with ra-
diances observed by the sounding chan-
nels of microwave sounders (in radiance
space, using radiative transfer models).
In this context, the GNSSRO profiles
could provide a reference against which
to validate the inter-calibration of these
microwave instruments.

It was also agreed that there should
be cross-representation of the differ-
ent communities. For example, GSICS
members have been asked to attend
meetings of the AOPC Working Group
on GRUAN. This will further help us
work together toward the goals of the
WMO Integrated Global Observing
System.

The full report of the meeting will be
published on the WMO website.

Summary of GSICS
Executive Panel
Meeting

by Jerome Lafeuille, WMO

The 15th meeting of GSICS Executive
Panel was held in Guangzhou, China, on
16 and 17 May 2014. The meeting was
attended by representatives of CMA,
CNES, EUMETSAT, JAXA, JMA,
KMA, NASA, NOAA, ROSHYDROM-
ET, WMO, and GSICS/GDWG, with
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remote participation of ISRO, USGS,
Mitch Goldberg, and the chairpersons
of GCC, GRWG, and CEOS/WGCV.
CNSA also attended as an observer.

The meeting marked an important
milestone in GSICS governance: Dr.
Mitch Goldberg stepped down as the
Chair of the GSICS Executive Panel. Dr
Goldberg chaired the Executive Panel
since the creation of GSICS. The Panel
members thanked Mitch for his enthusi-
astic leadership over 8§ years, while ex-
pecting that he will continue to bring his
expertise as the NOAA delegate. Peng
Zhang, CMA, was elected as the new
Chair and Ken Holmlund, EUMETSAT,
Vice-Chair. The Panel congratulated
Mitch, Peng, and Ken and was pleased
to note that this rotation of responsibility
illustrated the international dimension
of GSICS and encourages all members
to be fully engaged in GSICS. The
Panel designated Masaya Takahashi as
Vice-Chair of GRWG, and approved the
terms of reference for the EP Chair and
GRWG Chair.

The Panel recalled the Vision of
GSICS in the 2020s depicting GSICS
as a “collaborative framework among
satellite operators and science teams
to develop, implement and share best
practices, procedures and tools to moni-
tor, improve and harmonize the calibra-
tion of environmental satellites of the
global observing system.” It stressed that
the focus should remain the systematic
generation of in-orbit inter-calibration
information to refine the calibration of
Level 1 satellite data, in accordance with
GSICS core principles, in support of
CGMS satellite operators, satellite users,
and WMO programs.

The Panel welcomed the reports
from GCC, GDWG, GRWG, and all
the agencies on the progress of their
respective activities, and commended
the GCC and all contributors for the
GSICS Quarterly. The Panel recalled
the important role of the GCC to support
the implementation of the Procedure for
Products Acceptance, to maintain the
GSICS Product Catalogue and coordi-
nate efforts of GPRCs to bring products
to the pre-operational and ultimately to
the operational stage, under approval by
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the Panel. The Panel urged the GCC and
GPRCs to submit candidate GEO-LEO
Infrared products for endorsement as
operational products. It welcomed the
progress made within GRWG on solar
channel and on microwave calibration.
It underscored the value of the Moon as
a transfer standard for visible and SWIR
calibration and strongly supported the
proposal from EUMETSAT to hold a
lunar calibration workshop.

The Panel highlighted the role of
GSICS in the Architecture for Climate
Monitoring from Space. In this re-
gard GSICS should provide methods,
best practices or standards for inter-
calibration, ensure the availability of
in-orbit reference standards to provide
traceability, and ensure the availability
of reference data sets with documented
uncertainty, or contribute to composite
reference data sets ( e.g., with GCOS/
GRUAN). It was recalled that, as
stated in the GSICS Vision, the pro-
duction of Fundamental Climate Data
Records (FCDR) was not within the
scope of GSICS. Therefore, in spite of
its scientific value, the Panel clarified
that the MSU/AMSU FCDR genera-
tion could benefit from GSICS but was
not a GSICS product and should be
removed from the GSICS catalog.
Instead, it encouraged the GCC and
relevant GPRCs to submit a microwave
inter-calibration correction product for
its approval when such product will be
available. The Panel invited the GCC
to increase its communication efforts to
better inform the users on the definition
of GSICS products, what products are
available, how to access them, and how
they can be used. Upon a suggestion to
relax the GPPA for third-party products,
and following a lively discussion, the
Panel reaffirmed that the GPPA should
guarantee rigor, maturity, and reliability
of a product development process, for
GSICS or other products.

Finally, the Panel welcomed the offer
from CMA to host the next user work-
shop in the context of the Fifth Asia-
Oceania Meteorological Satellite Users
Conference in Shanghai in October
2014.

A Note from the
Executive Panel
Chair

by Peng Zhang, CMA

This is my first mes-
sage to the GSICS
community as Chair
of its Executive Panel,
and | am pleased to
recall my first interac-
tion with the com-
munity way back in
January 2007 and my
first time using telecommunications as a mode to
give a presentation. The first GRWG workshop
was held at NOAA that year, and | can clearly
remember the presentation | made—via telecom
in the middle of the night during a Beijing winter!

For the first time, | introduced the inter-calibra-
tion activities of CMA to GSICS. | feel very lucky
that | could be involved in GSICS from its very
beginning. The GSICS community strengthened
my understanding of the goal of satellite calibra-
tion and the role of GSICS.

As time progressed, CMA was able to use
GSICS methodologies to improve Fengyun
satellite calibration in many aspects. Notably, the
inner blackbody calibration problem was solved
and the radiance calibration uncertainty was re-
duced from the original 4K degree to the current
1K degree for the FY-2 series. The O-B method
has been used to monitor the data quality of the
infrared sounder and the microwave sounder of
the FY-3 satellites. The multi-sites, DCC, and
the lunar method have been used to monitor the
data quality of the reflection bands of the FY-2
and FY-3 satellites. All this progress represents
benefits derived from the GSICS community.

| wish to express sincere thanks to Dr. Mitch
Goldberg, one of the founders of GSICS. His
enthusiastic leadership enabled GSICS to
become a truly international community. Over
the past eight years, the GSICS role in reducing
satellite calibration anomalies has grown, and
each participating agency has benefited.

Dr. Goldberg leaves Kenneth Holmlund and me
a very well-defined and well-developed GSICS.
| doubt if | have the capability to lead GSICS as
productively and successfully as Dr. Goldberg
has done. What | can only do is to try my best to
serve GSICS.

We have a common mission and vision among
GSICS members that will continue to guide

us well into the future. We believe GSICS is

on the right path to construct the collaborative
framework among satellite operators and sci-
ence teams to develop, implement, and share
best practices, procedures, and tools to monitor,
improve, and harmonize the calibration

of environmental satellites of the global
observing system.
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Announcements

GSICS Users Workshop
to be Held 19-21 Nov,
2014 in Shanghai

by Manik Bali, NOAA

The 2014 GSICS Users workshop is to
be held from 19-21 November 2014 in
Shanghai, China. This workshop will be
a part of the Fifth Asia-Oceania Meteo-
rological Satellite Users Conference.

The GSICS Users workshop will
cover topics including but not limited to
calibration and correction of measured
radiances in MW, IR, and VIS. Studies
on impact of using GSICS-corrected
radiances on generating products down-
stream like Level 2 would be particu-
larly interesting during the workshop. In
addition, the Users Workshop will focus
on discussing topics that would encour-
age international collaboration among
GSICS members.

Please contact Ms. Xu Hanlie,
xuhanlie@cma.gov.cn, to submit an
abstract, or follow the link to get more
information. The abstract may also be
sent to the GSICS Coordination Center

(manik.bali@noaa.gov).

GSICS Lunar Calibration
Workshop to be Held in

Darmstadt, Germany

by Sebastien Wagner, EUMETSAT,
T. Stone, USGS, S. Lachérade, CNES,
B. Fougnie, CNES and X. Xiong, NASA

In recent years, space and meteorologi-
cal agencies operating Earth observing
satellites have shown an increasing
interest in lunar calibration for moni-
toring the temporal stability of their
instruments. Both GSICS and CEOS
IVOS recommend lunar calibration
as a calibration and inter-calibration
method for VIS/NIR bands that should
be implemented for instruments that
have the capability to sense the Moon.
The current reference model for lunar
calibration (the so-called ROLO model)
has been developed and is being main-
tained by the United States Geological
Survey (USGS). A few agencies have
implemented their own version of this
model. However, experience has shown
that there could be differences between
some of these independent implementa-
tions and the official USGS version of
the ROLO model.

During the last GSICS Research and
Data Working Group annual meeting
in Darmstadt (24-28 March 2014), the
GSICS community, together with the
CEOS-IVOS chairman (Nigel Fox, from
NPL) recommended harmonizing the
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version of the ROLO model used for
lunar calibration of VIS/NIR satellite
instruments by more and more opera-
tors. Indeed, in the context of instrument
inter-calibration, use of the same transfer
reference should be ensured.

EUMETSAT offered to host a lunar
calibration workshop to initiate an activ-
ity to share knowledge on lunar calibra-
tion and to promote the use of a common
reference across participating groups.
This workshop is being organized by
EUMETSAT, USGS, CNES, and NASA.

The main objectives of the workshop
are:

» To work across agencies/opera-
tors with a common and validated
implementation of the USGS ROLO
model. For that, a reference GSICS
implementation of the model has to be
considered.

¢ To make a reference model, based on
the EUMETSAT ROLO implementa-
tion, available to groups working with
lunar observations from Earth observ-
ing satellites.

» To share knowledge and expertise on
lunar calibration.

» To generate for the first time a refer-
ence dataset that could be used for
validation/comparisons and devel-
opment of GSICS inter-calibration
products later on.

This workshop would be the first step
in providing the international commu-

nity with a referenced and traceable ver-
sion of the USGS ROLO model. Such

a model, called GSICS Implementation
of the ROLO model (GIRO), would be
usable to transfer the calibration between
different instruments and to generate
inter-calibration products—even from
different eras—supporting the gen-
eration of Fundamental Climate Data
Records.

One of the key benefits of the work-
shop would be to generate for the first
time a reference dataset comparing
observations from a range of satel-
lite instruments using a common lunar
irradiance model. This would be used
to identify shortcomings in the existing
model and develop and validate future
improvements.

A kickoff web meeting was organized
on June 24 where many groups (35 at-
tendees!) showed interest in attending
the workshop. Participants are asked to
prepare their data and to process them
with GIRO, which is expected to be
made available in September. The work-
shop is foreseen to be held in December
2014 or January 2015. More informa-
tion and documentation regarding the
preparation of the data and the work-
shop, together with the contact details
of the organizers, can be found in the
GSICS Development Wiki topic: https://
gsics.nesdis.noaa.gov/wiki/Develop-
ment/20140624.
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Submitting Articles to GSICS Quarterly Newsletter:

The next issue of the GSICS Quarterly would be a special issue on Visible Channel. Dave Doelling from NASA would lead it.
For this issue we are looking or short articles (~ 700 words with one or two key, simple illustrations), especially related to
cal/val capabilities and how they have been used to positively impact weather and climate products. Unsolicited articles are
accepted anytime, and will be published in the next available newsletter issue after approval/editing. Please send articles to

Manik Bali (manik.bali@noaa.gov).

With Help from our Friends:

The GSICS Quarterly Editor would like to thank those individuals who contributed articles and information to this newsletter.
The Editor would also like to thank our European Correspondent, Dr. Tim Hewison of EUMETSAT, American Correspondent,
Dr. Fangfang Yu of NOAA, Asian Correspondent, Dr. Yuan Li of CMA, and Larry Flynn, GCC Director, in helping to secure and
edit articles for publication.

The Editor would also like to thank Dr. Lawrence E. Flynn for reviewing the articles in the Newsletter and Dr. Chunhui Pan for proof
reading the Newsletter

GCC team welcomes your feedback and suggestions about the GSICS Quarterly.

@ Return to Page 1 20


mailto:manik.bali@noaa.gov
https://groups.google.com/forum/?hl=en#!forum/gsics-quarterly-summer-2014

	pag 17

